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(57) This invwtion relates to an improved "method to 
Licxlulate exogenous gene expression '^'l^^'fj^ 
ecdvsone receptor complex compnsing: a DNA binding 
a ligand binding domain; a transact,vat,on 
domain: and a ligand is contacted with a DNA constru^ 
comprising: the exogenous gene and a response ele 
ment- wherein the exogenous gene is under the control 
SresS^seelemenU^ binding of the DNAbinding 

domain to'the response element in the preserice of the 
ligand results in activation or suppression o' the gene. 

improvement resides in a select group of non-ster- 
oid liga^s which show improved activity over known lig- 

ands. 
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Description 



mnnn This anolication is a continuation in pari of U S. Serial No. 09/210,010, filed December 1 1, 1998. 

loSSsl Thfs « non-steroidal ligands which are useful for .nducing or suppressing the express,on of 

roO^S'TSd SSSc\T-^ temporal control of gene expression, that is, the ability to actuate 

[00O3] I" 'he '^ld 9en«;c e 9 g p . ,3,, controlling development and other physiological 

S:<ires s:e f 'eTam^^^^^^^^^^ 

m^pl^ln mammS systems applications include inducible gene targeting, overexpress-on of toxic and teratogenic 
oene ami™^^^ 9ene therapy. In plant systems, applications include the <f °! Snt 

malfor fema!e ferSity- overexpression of plant protective agents; and production of or modrfication of desired pla t 

e on orotein Droduction for example, therapeutic proteins, industrial enzymes, polymers, and the like 

er.ce Unfortunately, in this case, the pharmacokinetics of tetracycline may interfere with its use as an efficient 

o reasons n^S fo7example^l^ manufacturing cost, metabolic stability, absence from insects, plants or rnam- 
entNo5,117.057mayaiso7unCTiona^ dibenzoylhydrazines, many of which 



appear to be in 
only 7 showed 

Sm"2c*. no da Jon ... ™d. B, « >.» in who.. .™»«ns sod, as ,nlaa plan«, art ^ 

Sn 1 wSIn- .nim*. « 1. inp.o.M ,,nsp.„ and*»u..n p,<,.,te n,.»o>c 

tacting an ecdysone receptor complex comprising: 



a) a DNA binding donnain; 

b) a ligand binding domain; 

c) a transactivation domain; and 

d) a ligand; 

with a DNA construct comprising: 

a) the exogenous gene; and 

b) a response element; 



wherein: 
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a) the exogenous gene is under the control of the response element; and 

b) binding of the DNA binding domain to the response element in the presence of the ligand results in activation or 
suppression of the gene; 

5 the improvement comprising: 

selecting the ligand from a compound of formula I: 




25 



wherein; 
E 



R^, R^, and 



is a (C4-C6)alkyl containing a tertiary carbon or a cyano(C3-C5)alkyl containing a tertiary carbon; 
is H, Me. Et. i-Pr. R formyl. CF3, CHF2. CHCI2. CH2F. CH2CI. CH2OH. CH20Me. CH2CN. CN. C-CH, 
1-propynyl. 2-propynyl. vinyl, OH, Ofvle. OEt, cyclopropyl, CF2CF3. CH=CHCN, allyl. azido, SCN. or 
SCHF2; 

is H. Me. Et. n-Pr. i-Pr, formyl. CF3. CHFj. CHCI2. CH2F, CH2CI. CH2OH, CHsOMe, CH^CN, CN. 
C-CH, 1-propynyl, 2-propynyl. vinyl, Ac, F, CI. OH, OMe, OEt, 0-n-Pr, OAc, NMeg, NEt2. SMe. SEt. 
SOCF3, OCF2CF2H. COEt, cyclopropyl, CF2CF3, CH=CHCN. allyl, azido. OCF3. OCHFg. O-i-Pr. 
SCN, SCHF2, SOMe, NH-CN, or joined v/\th R^ and the phenyl carbons to which R^ and are 
attached to form an ethylenedioxy. a dihydrofuryl ring with the oxygen adjacent to a phenyl carbon, 
or a dihydropyryl ring with the oxygen adjacent to a phenyl carbon; 

is H. Et, or joined with and the phenyl carbons to which R^ and R^ are attached to form an ethyl- 
enedioxy, a dihydrofuryl ring with the oxygen adjacent to a phenyl carbon, or a dihydropyryl ring with 
the oxygen adjacent to a phenyl carbon; 

are independently H. Me, Et, F, CI, Br, formyl, CF3, CHFj. CHCI2. CH2F, CH2GI, CH2OH. CN, C-CH, 
1-propynyl, 2-propynyl, vinyl, OMe. OEt. SMe, or SEt; 



provided that: 

a) when R"" is Me and R^ is OMe; 

then r3 is H; and the combination R"^. R^, and is 3,5-di-Me, 3,5-di-OMe-4-Me. 3,5-di-CI. or 3.5<ii-F: 

b) when R^ is Me and R^ is OEt; 

then R^ is H and the combination R'*. R^, and is 3,5-di-Me. 3,5-di-OMe-4-Me, 3,5-di-CI, 3,5-di-F, 2,4- or 2,5-di- 
F. 2,4- or2.5-di-CI ; 

c) when R^ is Et and is OMe or OEt; 

then R^ Is H and the combination R'*, R^. and is: 



i) 3.5-di-OMe-4-Me, 3.5-di-CI. 3.5-di-F. 2,4-or2,5-di-F, 2,4- or2,5-di-CI. 3-OMe, 2-CI-5-Me, 2-Br-5-MG, 2-CI. 2- 
Br, or 3-Me; or 

ii) is H, R"^ is Me. and R^ is Et. F. CI. Br. formyl. CF3, CHF2. CHCI2. CH2F. CH2CI. CH2OH. CN, C^CH, 1- 
propynyl, 2-propynyl. vinyl, OMe. OEt, SMe. or SEt; 

d) when R^ is i-Pr; 

then r2 is OMe. or OEt; is H; and the combination R"*. R^. and R^ is 3.5-di-Me; 
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e) when is Et; 

then r2 is H. is F or CI. and the combination R'*, R^. and R^ is 3,5-di-Me; 

f) when R^ and R^, together with the phenyl cart>ons to which they are attached, form an ethylenedioxy ring; 
then R^s Me or Et and the combination R"*, R^, and R^ is 3,5-di-Me; 

5 g) wtien R^ and R^. together with the phenyl cartons to which they are attached, form a dihydrofuryl or dihydropyryi 

ring. 

then IS Et arxJ the combination R'*, R^, and R^ is 3,5-di-Me; 

h) wnefi R' ts formyl. CF3. CHFj. CHCI2. CH2F, CH2CI, CH2OH, CHsOMe. CHgCN. CN, C-CH, 1-propynyl, 2-pro- 
pynyl. vtnyl, OH. cyclopropyl. CF2CF3, CH=:CHCN. allyl. azido, SCN, or SCHFg; 
10 then R^ rs OMe or OEt, R^ is H. and the combination R"^, R^, and R^ is 3.5-di-Me; and 

t) when R- rs Me. Et, n-Pr, i-Pr. formyl, CF3, CHF2, CHCI2. CH2F. CH2CI. CH2OH. CHjOMe, CHgCN, CN, C-CH. 
i-propynyl. 2-propynyl. vinyl. Ac. F, CI. OH. 0-n-Pr. OAc. NMe2. NEtg. SMe, SEt. SOCF3, OCFjCFjH, COEt. cyclo- 
propyl. CF;CF3, CH=CHCN, allyl, azido. OCF3. OCHF2. 0-i-Pr, SCN. SCHPg, SOMe, or NH-CN; 
then R' ts Et. R^ is H. the combination R"^, R^, and R^ is 3,5-di-fvle. 

15 

[0010] Thfb invention also relates to a method to modulate exogenous gene expression comprising contacting an 
ecdysone receptor conrplex comprising: 

a) a DNA binding domain; 
20 b) a ligar>d binding domain; 

c) a fransacbvation domain; and 

d) a ligand consisting of a compound of formula I: 

with a DNA construct comprising: 

25 

a) the exogenous gene; and 

b) a response element; 

wherein: 

30 

a) the exogenous gene is under the control of the response elennent; and 

b) binding of the DNA binding domain to the response element in the presence of the ligand results in activation or 
suppression of the gene. 

35 [0011] In order to achieve an optimum balance between a) ligand binding and the resulting gene switch activity, and 
b) transport, systemicity, toxicity, and metabolic stability in intact plants and animals, the position and size of the com- 
pound of formula I substituent groups are important. The optimum balance of properties appears to occur when E is t- 
butyl. is ethyl. is ethoxy. R^ is hydrogen, and the combination R"^, R^. and R^ is 3,5-dimethyl. The composition of 
each of these "R" groups may be varied considerably. However, variations which lead to significant changes in the size. 

40 shape, and overall polarity of the compound of formula I will tend to reduce the optimum balance and, consequently, the 
improved properties of the compound. For this reason, when the composition of any one particular R group is changed 
from the optimum, variations in the composition of the remaining R groups should be limited. 
[0012] Preferably, E is (C4-C5)alkyl. More preferably, E is t-butyi. 

[0013] Preferably. is Me, Et. i-Pr. F. CF3, CHFg. CHCIg. CHjF, CH2GI, CH2OH. CHgOMe, CHgCN. CN, C^CH. or 
45 CF2CF3. More preferably, R^ is Me. Et, i-Pr, F. CF3. CHFg. CHjF. CHgOMe, CHgCN, C-CH, or CF2CF3. Even more 
preferably, R'' is Me, Et, i-Pr. or F. Most preferably. R"" is Me or Et. 

[0014] Preferably, R^ is Et, CF3, CHF2. CHCI2. CHgF, CHgCI. CHgOH. CHsOMe. CH2CN. CN, OH, OMe, OEt. O-n- 
Pr, CF2CF3. azido. OCF3, or joined with R^ and the phenyl carbons to which R^ and R^ are attached to form an ethyl- 
enedioxy, a dihydrofuryl ring with the oxygen adjacent to a phenyl carbon, or a dihydropyryi ring with the oxygen adja- 

50 cent to a phenyl carbon. More preferably. R^ is Et, CF3, CHF2, CHCIg. CH2F, CHjCI. CH2OH. CHjOMe, CHgCN. CN. 
OH, OMe, OEt, CF2CF3, or joined with R^ and the phenyl carbons to which R^ and R^ are attached to form an ethylen- 
edioxy or dihydrofuryl ring with the oxygen adjacent to a phenyl carbon. Even more preferably, R^ is OH. OMe, OEt, or 
joined with R^ and the phenyl carbons to which R^ and R^ are attached to form an ethylenedioxy or dihydrofuryl ring 
with the oxygen adjacent to a phenyl carbon. Most preferably. R^ is OMe or OEt. 

55 [001 5] Preferably. R^ is H. Et. or joined with and the phenyl carbons to which R^ and R^ are attached to form an 
ethylenedioxy. a dihydrofuryl ring with the oxygen adjacent to a phenyl carbon, or a dihydropyryi ring with the oxygen 
adjacent to a phenyl carbon. More preferably, is H. Et or joined with and the phenyl carbons to which R^ and R^ 
are attached to form an ethylenedioxy or dihydrofuryl ring with the oxygen adjacent to a phenyl carbon. Even more pref- 
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erably. is joined with and the phenyl carbons to which and R"^ are attached to form an ethyienedioxy or dihy- 
drofuryl ring with the oxygen adjacent to a phenyl carbon. 

[0016] Preferably. R'*. R^, and are independently Me, F, Ct, CH2OH, or OMe. More preferably. R^. R^ and R^ are 
independently Me. F, CI, CH2OH. or OMe. Even more preferably. R**, R^, and R° are independently Me, F, or CI, Still 
more preferably the combination of R"^, R^, and R^ is 3,5-di-Me. 3,5<Ji-CI, or 3,5-di-F Most preferably the combination 
of R^ R^, and R^ is 3.5<Ji-Me. 

[0017] The terms "Me". "Et", "n-Pr". 1-Pr". and "Ac" mean methyl, ethyl, normal propyl, isopropyl, and acetyl, respec- 
tively When referring to R*^. R^. and R^, the term "2,4", "2.5". "3,5", and the like refer to the relative positions on the phe- 
nyl ring to which the groups are attached. 
JO [0018] The term "halo" means fluoro, chloro, bromo, or iodo. 

[0019] The term "modulate" means the ability of a given ligand/receptor complex to induce or suppress the transac- 
tivation of an exogenous gene. 

[0020] The term "exogenous gene" means a gene foreign to the subject, that is, a gene which is introduced into the 
subject through a transformation process or an unmutated version of an endogenous mutated gene. The method of 

15 transformation is not critical to this invention and may be any method suitable for the subject known to those in the art. 
For example, transgenic plants are obtained by regeneration from the transformed cells. Numerous transformation pro- 
cedures are known from the literature such as agroinfection using Agrobactehum tumefaciens or its Ti plasmid, elec- 
trcporation, microinjection of plant cells and protoplasts, and microprojectile transformation. Complementary 
techniques are known for transformation of animal cells and regeneration of such transformed cells in transgenic ani- 

20 mals. Exogenous genes can be either natural or synthetic genes and therapeutic genes which are introduced into the 
subject in the form of DNA or RNA which may function through a DNA intermediate such as by reverse transcriptase. 
Such genes can be introduced into target cells, directly introduced into the subject, or indirectly introduced by the trans- 
fer of transformed celts into the subject. The term "therapeutic gene" means a gene which imparts a beneficial function 
to the host cell in which such gene is expressed. Therapeutic genes are not naturally found in host cells. 

25 [0021 ] The term "ecdysone receptor complex" generally refers to a heterodimeric protein complex consisting of two 
members of the steroid receptor family, ecdysone receptor ("EcR") and ultraspiracle ("USP") proteins (see Yao, T.R.et. 
al. (1993) Nature 366, 476-479: Yao. T-R,et. al., (1992) Cell 71. 63-72). The functional ecdysteroid receptor complex 
may also include additional protein(s) such as immunophilins. Additional members of the steroid receptor family of pro- 
teins, known as transcriptional factors (such as DHR38. betaFTZ-1 or other insect homologs), may also be ligand 

30 dependent or independent partners for EcR and/or USP The ecdysone receptor complex can also be a heterodimer of 
ecdysone receptor protein and the vertebrate homolog of ultraspiracle protein, retinoic acid-X-receptor ("RXR") protein. 
Homodimer complexes of the ecdysone receptor protein or USP may also be functional under some circumstances. 
[0022] An ecdysteroid receptor complex can be activated by an active ecdysteroid or non-steroidal ligand bound to 
one of the proteins of the complex, inclusive of EcR, but not excluding other proteins of the complex. 

35 [0023] The ecdysone receptor complex includes proteins which are members of the steroid receptor superfamily 
wherein all members are characterized by the presence of an amino-terminal transactivation domain, a DNA binding 
domain ("DBD"), and a ligand binding domain ("LBD") separated by a hinge region. Some members of the family may 
also have another transactivation domain on the carboxy-terminal side of the LBD. The DBD is characterized by the 
presence of two cysteine zinc fingers between which are two amino acid motifs, the P-box and the D-box, which confer 

40 specificity for ecdysone response elements. These domains may be either native, modified, or chimeras of different 
domains of heterologous receptor proteins. 

[0024] The term "response element" ("RE") means one or more cis-acting DNA elements which confer responsive- 
ness on a promoter mediated through interaction with the DNA-binding domains of the ecdysone receptor complex. 
This DNA element may be either palindromic (perfect or imperfect) in its sequence or composed of sequence motifs or 

45 half sites separated by a variable number of nucleotides. The half sites can be similar or identical and arranged as either 
direct or inverted repeats. The ecdysone receptor complex binds, in the presence or absence of a ligand, to the DNA 
sequence of an RE to initiate or suppress transcription of downstream gene(s} under the regulation of this response ele- 
ment. Examples of DNA sequences for RE of the natural ecdysone receptor include: RRGG/TTCANTG AC/AC YY (see 
Cherbas L., et. al., (1991), Genes Dev. 5. 120-131); AGGTCAN(n)AGGTCA.where N^pj can be one or more spacer 

50 nucleotides (see D'Avino PR, et. al.. (1995), MoL Cell. Endocrinol, 113, 1-9); and GGGTTGAATGAATTT (see 
Antoniewski C, et. al., (1994). Mol. Cell Biol. 14. 4465-4474). 

[0025] The DNA sequences making up the exogenous gene, the response element, and the ecdysone receptor com- 
plex may be incorporated into procaryotic cells such as Escherichia coli, Bacillus subtiiis, or other enterobacteria. How- 
ever, because many of the proteins expressed by the gene are processed incorrectly in bacteria, eucaryotic cells are 
55 preferred. The nucleotide sequences for the exogenous gene, the response element, and the receptor complex can 
also be incorporated as RNA molecules, preferably in the form of functional viral RNAs such as tobacco mosaic virus. 
Of the eucaryotic cells, vertebrate cells are preferred because they naturally lack the molecules which confer responses 
to the ligands for the ecdysone receptor. As a result, they are insensitive to the ligands of this invention. Thus, the lig- 
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ands of this invention will have negligible physiological or other effects on transformed celts, or the whole organism. 
Therefore, cells can grow and express the desired product, substantially unaffected by the presence of the ligand itself. 
[0026] The term "subiecf means an intact plant or animal or a ceil from a plant or animal. It is also anticipated that 
the ligands will work equally welt when the subject is a fungus or yeast. When the subject is an intact animal, preferably 
the animal is a vertebrate, most preferably a mammal. ^ . , • ^ w« 

[0027] The ligands of the present invention, when used with the ecdysone receptor complex which in turn is bound to 
the response element linked to an exogenous gene, provide the means for external temporal regulation of expression 
of the exogenous gene. The order in which the various components bind to each other, that is. ligand to receptor com- 
plex and receptor complex to response element, is not critical. Typically, modulation of expression of the exogenous 
gene is in response to the binding of the ecdysone receptor complex to a specific control, or regulatory. DNA element. 
The ecdysone receptor protein, like other members of the steroid receptor family, possesses at least three domains, a 
transactivation domain, a DNA binding domain, and a ligand binding domain. This receptor, like a subset of the steroid 
receptor family also possesses less well defined regions responsible for heterodimerization properties. Binding of the 
ligand to the ligand binding domain of ecdysone receptor protein, after heterodimerization with USP or RXR protein, 
enables the DNA binding domains of the heterodimeric proteins to bind to the response element in an activated form, 
thus resulting in expression or suppression of the exogenous gene. This mechanism does not exclude the potential for 
ligand binding to either EcR or USP. and the resulting formation of active homodimer complexes (e.g. EcR+EcH or 
USP+USP) Preferably one or more of the receptor domains can be varied producing a chimeric gene switch. Typically, 
one or more of the three domains may be chosen from a source different than the source of the other domains so that 
the chimeric receptor is optimized in the chosen host cell or organism for transactivating activity, complementary bind- 
ing of the ligand and recognition of a specific response element. In addition, the response element itself can be modi- 
fied or substituted with response elements for other DNA binding protein domains such as the GAL-4 protein from yeast 
(see Sadowski. et al. (1988) Nature. 335. 563-564) or LexA protein from £ coli (see Brent and Ptashne (1985). Cell, 
43 729-736) to accommodate chimeric ecdysone receptor complexes. Another advantage of chimeric systems is that 
they allow choice of a promoter used to drive the exogenous gene according to a desired end result. Such double con- 
trol can be particularly important in areas of gene therapy especially when cytotoxic proteins are producec because 
both the timing of expression as well as the cells wherein expression occurs can be controlled. The term p/omoter 
means a specific nucleotide sequence recognized by RN A polymerase. The sequence is the site at which transcription 
can be specifically initiated under proper conditions. When exogenous genes, operatively linked to a suitable promo er, 
are introduced into the cells of the subject, expression of the exogenous genes is controlled by the presence of the lig- 
and of this invention. Promoters may be constitutively or inducibly regulated or may be tissue-specrfic (that is, 
expressed only in a particular type of cells) or specific to certain developmental stages of the organism. 
[0028] Another aspect of this invention is a method to modulate the expression of one or more exogenous genes in 
an organism, comprising administering to the organism an effective amount that is. the amount required to elicit the 
35 desired gene expression or suppression, of a ligand comprising a compound of formula I and wherein the cells of the 
organism contain; 

a) an ecdysone receptor complex comprising: 

40 1) a DNA binding domain: 

2) a binding domain for the ligand; and 

3) a transactivation domain; and 

b) a DNA construct comprising; 

45 

1) the exogenous gene; and 

2) a response element; and 

wherein: 

50 

a) the exogenous gene is under the control of the response element; and 

b) binding of the DNA binding domain to the response element in the presence of the ligand results in activation or 
suppression of the gene. 

55 [0029] A related aspect of this invention is a method for regulating endogenous or heterologous gene expression in 
a transgenic organism comprising contacting a ligand comprising a compound of formula i with an ecdysone receptor 
within the cells of the organism wherein the cells contain a DNA binding sequence for the ecdysone receptor and 
wherein formation of an ecdysone receptor-ligand-DNA binding sequence complex induces expression of the gene. 
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[0030] A fourth aspect of the present invention is a method for producing a polypeptide comprising the steps of: 

a) selecting a cell which is substantially insensitive to exposure to a ligand compnsing a compound of formula I; 

b) introducing into the cell: 

1) a DNA construct comprising: 

a) an exogenous gene encoding the polypeptide; and 

b) a response element; 

^0 wherein the gene is under the control of the response element; and 

2) an ecdysone receptor complex comprising: 

a) a DNA binding domain; 
,5 b) a binding domain for the ligand; and 

c) a transactivation domain; and 

c) exposing the cell to the ligand. 

20 [0031] As well as the advantage of temporally controlling polypeptide production by the cell, this aspect of t^e inven 
ionpovidesafurtheradvarrtage.inthose cases when accumulation of suchapolypept-decandamageth^^ 
expression of the polypepSde may be limited to short periods. Such control is partcularly important when the exoge- 
rousTene is a theS^eutic gene. Therapeutic genes may be called upon to pr«Juce polypeptides wh.ch control needed 
funZ *e pr Auction of insulin in diabetic patients. They .ay also be used .0 produce da-g^r even 

25 lethal proteins, such as those lethal to cancer cells. Such control may also be important when the protein levels pro- 
duced may constitute a metabolic drain on growth or reproduction, such as in transgenic P'ants 
[Si Numerous genomic and cDNA nucleic acid sequences coding for a variety of polypeptides are we^^ kno«n n 
S^°Z genetic material useful with the l^ands of this invention include genes that encode boog.ca^y 
active proteins of Interest, such as, for example, secretory proteins that can be released from a cell; enzymes that can 

3» zeTLbstrate from a toxic substance to a non-toxic substance, or from an Inactive substance to an acdve sub- 

Lncere^ulatoryproteins;cellsurfacereceptors;andthelike.Usefulgenesalsoincludegenesttia^^ 
™cto^ , hor^nes such as Insulin, parathyroid hormone, luteinizing hormone releasing fa^f ^ J^f^^^^^^^^ 
seminal Inhibins and hun^n growth hormone; genes that encode proteins such as enzymes, the absence of which 
fidL to me occurrence of an abnomial state; genes encoding cytokines or lymphokines such as '"'f f 7'°- 

35 Sic riacrihage colony stimulating factor, colony stimulating factor-1 , tumor necrosis factor, and erythropoietin, genes 
eSngThlbltor substances such as alpha, -antitrypsin, genes enccxling substances that ^S^^^^;^^, 
diphtherL and cholera toxins; and the like. Useful genes also include those useful for cancer therap es and to treat 
inetic isorders. Those silled In the art have access to nucleic acid sequence information for -^tually a^ l^own 
genS and can either obtain the nucleic acid molecule directly from a public depository, the institution that published the 

40 qeauence or emDiov routine methods to prepare the molecule. 

S For ge^e Serapy use, the ligands described herein may be taken up in pharmaceutically acceptable carriers, 
Ss fSexampS, sections suspensions, tablets, capsules, ointments, elixirs aixi injectable compositons. Pharma- 
ceutical preparations may contain from 0.01% to 99% by weight of the ligand. Preparations may be either in single or 
mulS dose forms. The amount of ligand in any particular pharmaceutical preparation will depend upon the effective 

45 dose that is the dose required to elicit the desired gene expression or suppression. , , ^. ^ , 

?S slble routes of administering the pharmaceutical preparations Include oral, rectal, topica (-olud|ng dermal, 
buccal and sublingual), vaginal, parenteral (including subcutaneous, Intramuscular, intravenous, '"fr^dermaK intrathe- 
c^'and Sdural) and by naso-gastric tube. It will be understood by those skilled in the art that the preferred route of 
al™ionwilldepeLupon.hecond«^ 

[0035] TTie ligands described herein may also be administered in conjunction with other pharmaceutically active com- 
pounds. It will be understood by those skilled in the art that pharmaceutically active compounds to be used in comb^a^ 
tion with the ligands described herein will be selected in order to avoid adverse effects on the recpent or undesi^ble 
rteractions between the compounds. Examples of other pharmaceutically active compounds which may be used .n 
.5 option wimhe ligands include, for example. AIDS chemotherapeutic agents, amino acid derivatives, analges^ 
an^thScs anorectal products, antacids and antifiatulents. antibiotics, anticoagulants, antidotes antifibrinoytic 
aSents antihiLmines, anti-inflamatory agents, antineoplastics, antiparasitics, antiprotozoals, antipyretics, antisepti^. 
JnSsmod cs and anticholinergics, antivlrals, appetite suppressants, arthritis medications, biological response mod- 
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ifiers. bone metabolism regulators, bowel evacuants. cardiovascular agents, central nervous system stimulants, cere- 
bral metabolic enhancers, cerumenolytics, cholinesterase inhibitors, cold and cough preparations, colony stimulating 
factors, contraceptives, cytoprotedive agents, dental preparations, deodorants, dermatologicals, detoxifying agents, 
diabetes agents, diagnostics, diarrhea medications, dopamine receptor agonists, electrolytes, enzymes and digestants, 
ergot preparations, fertility agents, fiber supplements, antifungal agents, galactorrhea inhibitors, gastric acid secretion 
inhibitors, gastrointestinal prokinetic agents, gonadotropin inhibitors, hair growth stimulants, hematinics, hemorrheo- 
logic agents, hemostatics, histamine H2 receptor antagonists, hormones, hyperglycemic agents, hypolipidemics, immu- 
nosuppressants, laxatives, leprostatics. leukapheresis adjuncts, lung surfactants, migraine preparations, mucolylics. 
muscle relaxant antagonists, muscle relaxants, narcotic antagonists, nasal sprays, nausea medications nucleoside 
analogues, nutritional supplements, osteoporosis preparations, oxytocics, parasympatholytics, parasympathomimetics. 
Parkinsonism drugs, Penicillin adjuvants, phospholipids, platelet inhibitors, porphyria agents, prostaglandin analogues, 
prostaglandins, proton pump inhibitors, pruritus medications psychotropics, quinolones. respiratory stimulants, saliva 
stimulants, salt substitutes, sclerosing agents, skin wound preparations, smoking cessation aids, sulfonamides, sym- 
patholytics, thrombolytics, Tourette's syndrome agents, tremor preparations, tuberculosis preparations, uricosuric 
agents, urinary tract agents, uterine contractants. uterine relaxants, vaginal preparations, vertigo agents, vitamin D 
analogs, vitamins, and medical imaging contrast media. In some cases the ligands may be useful as an adjunct to drug 
therapy, for example, to "turn off' a gene that produces an enzyme that metabolizes a particular drug. 
[0036] For agricultural applications, in addition to the applications described above, the ligands of this invention may 
also be used to control the expression of pesticidal proteins such as Bacillus thuhngiensis (Bt) toxin. Such expression 
may be tissue or plant specific. In addition, particularly when control of plant pests is also needed, one or more pesti- 
cides may be combined with the ligands described herein, thereby providing additional advantages and effectiveness, 
including fewer total applications, than if the pesticides are applied separately. When mixtures with pesticides are 
employed, the relative proportions of each component in the composition will depend upon the relative efficacy and the 
desired application rate of each pesticide with respect to the crops, pests, and/or weeds to be treated. Those skilled in 
the art will recognize that mixtures of pesticides may provide advantages such as a broader spectrum of activity than 
one pesticide used alone. Examples of pesticides which can be combined in compositions with the ligands described 
herein include fungicides, herbicides, insecticides, miticides. and biocides. 

[0037] The ligands described herein can be applied to plant foliage as aqueous sprays by methods commonly 
employed, such as conventional high-liter hydraulic sprays, low-liter sprays, air-blast, and aerial sprays. The dilution and 
rate of application will depend upon the type of equipment employed, the method and frequency of application desired, 
and the ligand application rate. It may be desirable to include additional adjuvants in the spray tank. Such adjuvants 
include surfactants, dispersants. spreaders, stickers, antifoam agents, emulsifiers. and other similar materials 
described in McCutcheon's Emulsifiers and Detergents, McCutctieon's Emulsifiers arid Deterger)ts/Fur^ctional 
Materials, and McCutcheon's Functional Materials, all published annually by McCutcheon Division of MC Publishing 
Company (New Jersey). The ligands can also be mixed with fertilizers or fertilizing materials before their application. 
The ligands and solid fertilizing material can also be admixed in mixing or blending equipment, or they can be incorpo- 
rated with fertilizers in granular formulations. Any relative proportion of fertilizer can be used which is suitable for the 
crops and weeds to be treated. The ligands described herein will commonly comprise from 5% to 50% of the fertilizing 
composition. These compositions provide fertilizing materials which promote the rapid growth of desired plants, and at 
the same time control gene expression. 

[0038] The ligands of this invention are known compounds or are easily prepared by one skilled in the art adapting 
the procedures described in U 8. Patents No. 5,117,057. 5.530.028. and 5,378.726. A two step process is typically 
used. In the first step, a substituted benzoic acid chloride of formula II is combined with a substituted hydrazine of for- 
mula III to give a monoacyl hydrazine of formula IV. The monoacylhydrazine of formula IV is combined in a second step 
with another benzoic acid chloride of formula V resulting in formation of a compound of formula 1. 
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[0039] The following examples demonstrate the activity of the ligands of this ii 
[0O40] The following ligands and comparative ligands were evaluated: 
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CE-l = tebufenozide 

CE-2 = 1,2-dibenzoyl-l-ieri.butyl-hydrazine 
CE-3 = muristerone A 
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Q f ^ne Constructs 

[0041] pVgRXR (Invitrogen Corp.. Carlsbad, California) is an 8728 Kb plasmid that expresses b^h VqEcR and RXR 
o form a modrfied heterodimeric nuclear receptor (see No, D.. et. al„ (1996) Proc. Natl. Acad. Scl USA 93, 3346- 
3351) The eodysone receptor (VgEcR) is derived from the natural Drosophila ecdysone receptor and modifed to con- 
tain teWl^activa.ion domain (see Cress. W.D., and Triezenberg. S.J. (1991). Science 251 . 87^90; Sado«.k , 
et al (1988) Nature 335, 563-564: Triezenberg. S.Jet. al.. (1988). Genes Dev 2, 718-729; Tnezenberg. SJ., et al.. 
(1988 Genes Dev 2 730-742). RXR is the mammalian homologue of USP (ultraspirade), the natural partner to the 
SriS ec^y^r^e receptor see Yao, T-P.. et. al.. (1993), Nature 366. 476-479; Yao, T-R. et. aL. (1992). Cell 71. 63- 
72TT^^BPboxUnoftheVgEcRDNAbindingdomainwasmoditiedtorecognizethehybn^ 
ment that consists of one half-site from the gluccorticoid response element (see U^esona K.. ard Evans^R M. 1989)^ 
Cell 57 1139-1146) and one half-site from the natural ecdysone response element. This hybnd response element 
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,e.ucesan.poss,.e ...action w...,.^^^^^^^^^^^^^^ 

(EcRE), The cytomegalovirus enhancer-promoter dnvese>p g 3^ „ ^^^^^^^^ .^^ 

drives expression of RXR. The vector pIND ^'"'''^^Jl":^^^^^^^^^ pVgRXR and a minimal heat shocK pro- 

hybr,d E/GREs recognized by the mod ,ed ecdyso e ^/"P^^^^^^^^^ ^corp.) ,s a 81 70 bp plasmid that con- 

fragment into plND, also digested with Nhe 1 and BamHl. 
^.-1.o ,on.n.P nf M :.mmalian Cell UneS^nOaDSteSliaa 

r.vr^s==— r:.'— ^^^^^^^^ 

tained at 37-C in 5% CO^ in 95% atniosphenc air. concentration of 0.5 X 10^ cells per ml per 

[0043] The CHO cells were seeded into 1 2-well tissue c^''^^^ P'f;«^ ^ . inducible expression system 
E The lipid P1X.8 (invrtrogen, "^930-18) was to tra^^^^^^^^^^^ ^, 
(invitrogen catalog nurr^er K1000-01). The ^^sone indu«We e^^^^^^^^^^ p.g3,3,. 
Lptor subunrts. and plND//acZ or plND//uc. --J-'^^^f^^XTc,"^^^^^^ -s prepared by 0.5 

, tosidase or luciferase respectively. -Ri^ty-six ,1 of Pfx-8 «as diluted in a ster- 

mg/ml of VgRXR and 0.5 mg/ml pIND^acZ °^ P ."^^^^J^^^ ^"^^^^^ 31985). Six m of the plasmid DNA 

ile 17 X 100 mm polystyrene tube containing 1^5 ml Opti-MEM "^echumju ^^^^.^^^ ^^^^ 

stock was mixed with 1 .5 ml of Opti-MEM medium ,n ^""^^J^f^^f;/;^;,^,^^^ Cells were washed with phos- 

combined to make 3 ml of ^-sfection so u,,n (^^^^^ ^ells. One ml trans- 

s P^^ate buffered solution (PBS^ G^^^^^^^^ 

irv^ire^"^^^ 

c^lP^^ly Tranc^fnrmed Ma"^'-^^''^" Line 

° [0044] CHO cells stably transtorm^i with pVgRXR and p;N0^c^(SP1H^^^^^^^^^^^ 
Tieia containing 10% FBS 2 mMglutam^^^^^^^^^^^ 

35 

Traatmpnt With Lioands 

,..,,S,0».,*„S,.-^»,»».P~^---— ^^^^^ 

p^pnrtpr Ge»ne AssavS 

. ,004. Beportergeneexpressionwasevaluateda^^^^ 

hours after treatment of the stably transformed ce. ^'^^'^^^^^^^ .^^^..^s the hydrolysis of the ^alao- 
flxed cells or assaying for enzymatic activity '"^^ '^^^^^^^^^^ a blue color within the fixed cells (Invitrogen, 

toside. X-gal (5-bromo-4-chloro-3-indoly|.p-galactopyranosK^e^^^^^ PromegayE397A) was 

K1465.01) that can be visualized under a ™°P^^^^^^^^ chemiluminescent substrate. Galacto-S«r 

50 used to lyse the cells for the df=''°"° f^2l date were iS with 250 ^1 of RLB. Twenty ^1 of each extract was 
(Tropix/BMIOOS). The cells within each 12-well plate were lysea w«n 

assayed with 100 (.1 of substrate. ^ , 25O (.1 RLB per well. After 

[0047] For detection of luciferase activity, cells we e washed ^« ce wrt ^e^nperature. A 20 nl sample of lysate 

\o mles. the plate was frozen at -SO'C for 10 — f , ^^^^^^^ aixi luciierase assays, 

rrfnrrwrdSri^^^^^^^^^ 



luminescence was . 
autoinjector for the delivery of the substrate. 
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r. Ylnsnlic ecdvsone rRceolor extract preparati on from Drosoohila Kc cells 

[0048] The dipteran cell line Kcl 67, originally derived from Drosophila embryos (see Echalier, G. and Ohanessian. 
A (1969) C R Acad Sci 268, 1771) was obtained from Dr. Peter Cherbas (Indiana University) and maintained as 

5 described (Cherbas L, et. al., (1994), Methods in Cell Biology, 44, 161-179), A 400 micultureof Kc cells (3 x 10 cells 
per ml) was centrifuged at 700 x g for 1 0 minutes at room temperature to pellet the cells. The supernatant was aspirated 
and the pellet was resuspended in 70 ml of cold TM buffer (lOmM Tris, 5 mM MgClj, 1 mM DTT, pH 7.2). After a 10 
minute incubation on ice, the cells were centrifuged at 2,300 x g. The supernatant was discarded. The cell pellet was 
frozen at -20'C for 1 hour The frozen cell pellet was thawed slowly on ice and homogenized in a cold Potter- Elveh)em 

ro homogenizer using a teflon pestle on a Caframo homogenizer motor, at setting 500 with 1 0 up and down strokes at 4°C. 
This sluiry was centrifuged at 100,000 x g In a swinging bucket rotor for 60 minutes. THe supernatant, containing the 
cytosolic protein extract was diluted with T buffer (lOmM Tris, 1 mM DTT. pH 7.2) to a protein concentration of 5 mg / 
ml. This extract was used immediately for ligand binding assays. 

,5 Nuclear eodvsnne receptor preparatio n from Plodia interpunctella cells 

[0049] The cell line IAL-PID2 derived from imaginal wing discs of the lepidopteran Pbdia interpunctella was obtained 
from H Oberlander and maintained as described (Lynn, E. E. and Oberlander, H., (1983), J. Insect Physiology, 29, 591- 
96) A 300 ml stationary phase culture of P. interpunctella cells was centrifuged at 700 x g for 10 mm at room termper- 

20 ature to pellet the cdls. The supernatant was aspirated and the cellular pellet resuspended in 35 ml TMT (TM buffer 
with 0 1% Triton X-1 00). The suspension was homogenized with twenty up and down.strokes of a Dounce homogenizer 
on ice Homogenate was incubated on ice for 10 minutes and then centrifuged for 15 min at 900 x g. The pellet was 
resuspended in 15 ml TM buffer and centrifuged at 2.300 x g. This pellet was extracted in TMK buffer (TM buffer with 
800 mM KCI) by using a glass rod to crush the pellet until a gelatinous slurry was formed and incubated on ice for 15 

S5 minutes The extract was centrifuged at 1 00,000 x g in a swinging bucket rotor for 60 minutes. The supernatant, which 
constituted the nuclear extract, was desalted on a 10 DG desalting column (Bio-Rad, 732-2010) equilibrated with T- 
buffer. The total protein concentration in the nuclear extract was adjusted to 5 mg per ml with T-buffer containing 1 mM 
DTT. 

30 Bacterial Glutathion-S-transferase Fusion Protein Prepara tion 

[0050] Bacterial glutathion-S-transferase (GST) fusion proteins of the spruce budworm {Choristoneura fumiferana) 
EcR (CfEcR) containing CDEF domains only, and ultraspiracle protein (CfUSP) were also used in radioligand displace- 
ment assays.' cDNA encoding the CDEF domains of CfEcR were constructed following PGR amplification using primers 

35 that contain BamHI and EcoRI sites (Perera SC. M Sundaram, Krell PJ. Retnakaran A, Dhadialla TS, SR Pa"'. 1999 
Arch Insect Biochem Physiol. 41, In Press). The PGR product was digested wrth BamHI and EcoRl and cloned into 
PGEX-3X vector obtained from Pharmacia Biotech. CfUSP coding region was amplified using primers that contain 
BamHI and EcoRl sites and cloned into to pGEX-2T vector obtained from Pharmacia Biotech. E coli transformed with 
each of the two vectors were grown and induced to produce the fusion proteins as detailed in the Pharmacia Biotech 

40 GST- technical bulletin. 

Ecdvsone receptor comoetitive bindin g assay 

[0051] ponasterone A, a potent phytoecdysteroid, (66,000 dpm; specHic activity 170 Ci/mmole; NEN Life Science 
45 Products Boston, tvlassachussetts) was mixed with lOOiil Kc cytosolic or Plodia nuclear ecdysone receptor extracts in 
0 8 X 50 mm glass test tubes In the absence or presence of 10 tiM unlabelled 20-hydroxyecdysone (20E) to obtain an 
estimate of total or non-specific, respectively, binding of tritiated ponasterone A. The tubes were vortexed and incubated 
overnight at A'C for Kc cytosolic extracts or 1 .5 hours for Plodia nuclear extracts for binding reactions to reach equilib- 
rium At the end of equilibrium binding times, the bound tritiated ponasterone A was separated from the unbound by 
50 addition of Ice-cold 600^1 or 300^1 dextran-coated charcoal solution (500 mg of Sigma HGL-washed activated charcosa, 
50 mg Pharmacia Dextran T70. 50 ml T-buffer) to Kc or Plodia extracts, respectively. The tubes were vortexed briefly 
and centrifuged at 7 000 x g to pellet the charcoal. The supernatant, 600 (.1 or 300 |il for Kc or Plodia extract reactions, 
respectively containing tritiated ponasterone A bound to proteins, was aspirated Into liquid scintillation vials containing 
5 ml scintillation cocktail (ReadySafe®, Beckmann) each. The mixture was vortexed and the amount of total or non-spe- 
55 cif ically bound radioactivity measured in a Beckman LS500 liquid scinitllation counter with a 60% counting efficiency for 
tritium. 
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n.>.,^ln..,nn Kd va L -^n.n.tiWP inhibitors o( ^ - H pnnn-tnrnn. A hindinn to oolYSteroid rec . ptor gpmplexes in 
Kr nr Plodia rfW Pirtrads a nfl ha a eria l fusion prQtgins 

,00521 The concentrations of competitors that inhibited SC/o of W'^™ .^'^^^^ JisT S aSlp^Gsl 
L .nriAatina Kc or Plodia nuclear extracts or extracts of bacteria producing CfEcR{CDEF -GST a^-^ ^'u&k 

Sns w h 3Ht nasterone A (66,000 dpr. per reaction) in the presence of -ange of -^^^^^^^^^^^^ 
r^^M) of test compounds. In the case of binding reactions using bacterial fusion 

rl^ . L riFr-RrrnEFl-GST or CfUSP-GST fusion proteins, respectively, were included per binding reaction. 

rS"r^.'-^a^^^^^^^^^^^ 

oet'^Llvent like that for 20E or solvent alone, was kept at 1% of total reaction volume by using ^ 10° to'l^^^^^^ 
sXtion (i e a 100 fold dilution of stock solutions). The remainder of the assay was as de^^^"'^ 

calculated by ^co.po.at.ng the Cheng-Prusofi equation (see Munson PJ. and Rodbard D. (1980) Anal. B,ocnen . 

220-239) in the IGOR Pro software. 

[0053] Tables 1 - 3 summarize the data obtained: 



Table 1 



25 



Ligand ': 


Kc log(l/EC50) ! 


Plodia Iog(1/IC50) i 


Bacterial CfECR 
log{1/IC50) 


CE-1 ; 


6.55 


Q 7 
O. / 




CE-1 ; 


6.55 : 






CE-2 


5.52 


6.48 




: CE-3 : 


7.96 






1 ; 


7.36 \ 


8.52 




; 2 ; 


7.16 


9.14 




; 3 ; 


6.73 


9.04 i 


8.76 
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7.41 


8.51 • 
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7.70 


9.49 




; 6 




8.82 




; 7 




8.78 




8 




8.85 








: 9.00 




10 




: 8.80 




11 




8.93 




12 


8.10 


9.63 




13 


7.44 


9.06 




14 






i 8.61 


15 






8.49 


17 




9.24 




18 




8.82 
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Table 2 



Lucif erase Gene Activation in Transiently Transfected CHO Cells 


Ligand 10 ]xM 


Luctferase activity^ 


Induction Ratio^ 


Kd for Kc cells (nM) 


none 


42 






CE-1 


89 


2 


110 


CE-2 


36 


1 


2000 


CE-3 


316 


8 


2.3 


CE-4 


418 


10 


0.7 


1 


275 


7 


39.5 


2 


204 


5 


60 


3 


324 


8 


124 


4 


251 


6 


47 


5 


313 


8 


13.3 


12 


305 


7 


5.3 


13 


226 


5 


65 



CE-4 = ponasterone A 

25 1 In relative light units (RLU) - Average ot duplicate samples 

^ Ratio of RLU in presence and absence of the ligand 



30 

Table 3 



p-Galactosidase Gene Activation in Stably Transformed CHO Cells 


Ligand 10 mM 


p-Galactosidase activity'' 


Induction Ratio^ 


Kd for Kc cells (oMl 


none 


200 






CE-1 


323 


2 


192 


CE-2 


145 


1 


2000 


CE-3 


9830 


49 


2 


CE-4 


10386 


52 


0.7 


1 


1123 


6 


40 


2 


536 


3 


47 


3 


681 


3 


124 


4 


1963 


10 


26 


5 


11599 


58 


13 


12 


9830 


49 


5 


13 


6667 


33 


24 



^ In relative light units (RLU) - Average of triplicate samples 
^ Ratio of RLU in presence and absence of the ligand 



[0054] These data Indicate that the ligands of this invention are able to induce gene expression at concentrations 
comparable to or less than those of the known compounds CE-1 and CE-2. 
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[0055] In addition to improved gene expression modulation capabilities, the ligands are expected to have greater utility 
in intact plants and animals due to their superior transport and metabolic properties. The following example demon- 
strates the improved plant transport of a ligand of this invention (Ligand 3) compared to a known ligand (CE-1) in plants. 



5 Translaminar Movement 

[0056] A study was conducted to evaluate translaminar movement of two compounds into cotton leaves using neonate 
beet armyworm larvae. Spodoptera exigua, as the model system. 

[0057] Two treatments were evaluated: emulsifiable concentrates of CE-1 and Ligand 3 (5% and 1 9%. respectively). 
10 at a concentration of 100 ^g/ml to simulate spray tank concentrations. These treatments were then compared with 
plants treated with a chemical standard known to have excellent translaminar movement (emamectin benzoate, 0.16% 
EC [20 ng/ml], Merck & Co.) and with nontreated plants. 

[0058] Four-week-old cotton. Gossypium hirsutum L cv. Stoneville, plants were treated with each treatment by paint- 
ing the top surface of a single replicate leaf/plant with a corresponding treatment. Plants were held in a controlled-envi- 

15 ronment glasshouse maintained at 27 "C until needed. Residual effectiveness was evaluated by challenging treated 
and nontreated foliage with neonate beet armyworm larvae, Spodoptera exigua (Hubner), on 3 dates; 1 . 7. and 14 days 
after treatment (DAT). On each sample date, the single treated leaf/plant was excised from each of five replicate plants 
per treatment. Leaves were then fastened to the top iid of a plastic Petri dish (100 x 20 mm) and then infested with 10 
first instar larvae. First instar beet armyworm larvae commonly feed on the under surface of leaves and generally do not 

20 feed all the way through to the upper surface. Thus translaminar movement of material would be necessary to affect the 
larvae since the compounds were applied to the leaf top-surface only. Mortality of larvae was recorded 4 days after 
infestation. In addition, any live larvae were observed for synptoms characteristic of molt accelerating compounds (for- 
mation of new cuticle and/or slipped head capsule). Each treatment was replicated five times. 
[0059] Percentage mortality data were transformed to the arcsine of the square-root and then analyzed by ANOVA 

25 using JMP (Ver. 3.2.1). Means were separated by the Tukey-Kramer test (P = 0.05). 

[0060] Results showed that Ligand 3 was significantly more effective than CE- 1 at killing S. exigua larvae from 
translaminar movement and, therefore, would be expected to have higher systemicity in plants. 



Percentage Mortality 


Treatment 


Cone, (ng/ml) 


Day 1 


After 7 


Applic. 14 


CE-1, 5% EC 


100 


2.5 


0.0 


22.7 


3, 19% EC 


100 


100.0 


93.8 


100.0 


Emamectin benzoate 0.16 EC -i- AG-98 


20 


100.0 


100.0 


100.0 


Nontreated check 




11.6 


6.5 


8.1 


Aa-98 = 0.12% of the nonionic surfactant Latron AG-98 surfactant (Rohm and Haas Com- 


pany) 











Claims 

1 . In a method to modulate exogenous gene expression comprising contacting an ecdysone receptor complex com- 
prising: 

a) a DNA binding domain; 

b) a ligand binding domain; 

c) a transactivation domain; and 

d) a ligand; 

with a DNA construct comprising: 

a) the exogenous gene; and 

b) a response element; 
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wherein: 

a) the exogenous gene is under the control of the response elennent; and 

b) binding of the DNA binding domain to the response element in the presence of the ligand results in activatior; 
Of suppression of tine gene; 

the rmpro^ement comprising: 

seleamg the ligand from a compound of the formula: 




25 



wherein: 
E 



R2 



R^. and 



40 



is a (C4-C6)alkyl containing a tertiary carbon or a cyano{C3-C5)alkyl containing a tertiary carton: 
is H. Me, Et, i-Pr. F. formyl. CF3. CHFj. CHCI2. CHgR CH2CI, CH2OH. CHaOMe. CHgCN. CN. 
C^CH. 1-propynyl. 2-propynyl. vinyl. OH. OMe. OEt. cyclopropyl. CF2CF3. CH-CHCN. allyl. 
azido. SCN, or SCHF2; 

is H. Me. Et, n-Pr, i-Pr, formyl, CF3. CHF2. CHCI2. CHgF, CH2CI. CH2OH, CHsOMe. CH2CN. CN. 
C-CH, 1-propynyl, 2-propynyl, vinyl. Ac. F. CI. OH, OMe, OEt. 0-n-Pr, OAc. NMe2. NEt2, SMe. 
SEt. SOCF3, OCF2CF2H. COEt, cyclopropyl. CF2CF3, CH=CHCN, allyl, azido. OCF3, OCHFj, 
0-i-Pr. SCN, SCHFj, SOMe, NH-CN. or joined with R^ and the phenyl carbons to which R^ and 
R^ are attached to form an ethyl enedioxy. a dihydrofuryl ring with the oxygen adjacent to a phe- 
nyl carbon, or a dihydropyryl ring with the oxygen adjacent to a phenyl carbon; 
is H. Et, or joined with R^ and the phenyl carbons to which R^ and are attached to form an 
ethylenedioxy. a dihydrofuryl ring with the oxygen adjacent to a phenyl carbon, or a dihydropyryl 
ring with the oxygen adjacent to a phenyl carbon; 

are independently H, Me, Et, F, CI. Br, formyl. CF3, CHF2. CHCIg. CH2F. CH2CI. CHgOH, CN. 
C^CH, 1-propynyl, 2-propynyl. vinyl. OMe. OEt, SMe, or SEt; 



provided that: 

a) when is Me and R^ is OMe; 

then R^ is H; and the combination R^ R^. and R^ is 3.5-di-Me. 3.5-di-OMe-4-Me. 3.5-di-CI, or 3.5-di-F; 

b) when is Me and R^ is OEt; 

then R^ is H and the combination R^^, R^. and is 3,5-di-Me, 3.5-di-OMe-4-Me, 3.5<ii-CI. 3.5-di-F. 2.4- or 2.5- 
di-F. 2,4-or2.5-di-CI ; 

c) when R^ is Et and R^ is OMe or OEt; 

then R*^ is H and the combination R'^, R^. and is: 

i) 3.5-di-OMe-4-Me. 3,5-di-CI, 3,5-di-F, 2,4- or 2,5-di-F, 2.4- or 2,5-di-CI, 3-OMe. 2-CI-5-Me. 2-Br-5-Me, 2- 
Cl, 2-Br, or 3-Me; or 

ii) R^ is H, R"^ is Me, and R^ is Et. F. CI, Br, formyl, CF3. CHF2. CHCI2. CH2F, CH2CI. CH2OH. CN. C-CH. 
liDropynyl, 2-propynyl, vinyl, OMe. OEt, SMe. or SEt; 

d) when R^ is i-Pr; 

then R^ is OMe, or OEt; R^ is H; and the combination R"^. R^. and R^ is 3,5<li-Me; 
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e) when is Et; 

then r2 is H. is F or CI. and the combination R"^, R^. and R^ is 3,5-di-Me; 

f) when R^ and R^ together with the phenyl carbons to which they are attached, form an ethylenedioxy ring; 
then R^ is Me or Et and the combination R*^. R^, and R^ is 3.5-di-Me; 

g) when R^ and R^, together with the phenyl carbons to which they are attached, form a dihydrofuryl or dihy- 
dropyryl ring; 

then R^ is Et and the combination R^ R^, and R^ is 3.5-di-Me; 

h) when R^ IS formyl. CF3. CHF2, CHCI2. CH2F. CHgCl. CH2OH. CHsOMe, CH2CN. CN. C-CH. 1 -propynyl. 2- 
propynyl, vinyl, OH, cyclopropyl. CF2CF3, CH=CHCN, ally!, azido. SCN, or SCHF2; 

then r2 is OMe or OEt, R^ is H, and the combination R**, R^, and R° is 3.5-di-Me; and 

i) when R^ is Me, Et. n-Pr. i-Pr, formyl, CF3, CHF2, CHO2. CH2F CH2CI, CHjOH, CH^OMe, CH2CN, CN. 
C-CH. 1-propynyl. 2-propynyl. vinyl. Ac, F. CI. OH. 0-n-Pr, OAc. NMe2. NEt2. SMe, SEt, SOCF3, OCF2CF2H. 
GOEt, cyclopropyl, CF2CF3. CH=CHCN. altyl. azido. OCF3. OCHFj. 0-i-Pr. SCN. SCHFj. SOMe. or NH-CN; 
then R^ is Et. R^ is H. and the combination R^ R^. and is 3.5-di-Me. 

A method to modulate exogenous gene expression comprising contacting an ecdysone receptor complex compris- 



a) a DNA binding domain; 

b) a ligand binding domain; 

c) a transactivation domain; and 

d) a ligand of the formula: 




wherein: 



is a (C4-C6)alkyl containing a tertiary carbon or a cyano(C3-C5)alkyl containing a tertiary carbon; 
is H. Me. Et. i-Pr. F, formyl. CF3, CHFg. CHCIg, CHgF. CHgCI, CHgOH. CHsOMe. CH2CN, CN. 
C-CH. 1-propynyl, 2-propynyl, vinyl, OH, OMe, OEt, cyclopropyl, CF2CF3, CH=CHCN, allyl. 
azido. SCN, or SCHF2; 

is H. Me, Et, n-Pr. i-Pr. formyl, CF3, CHFg. CHCI2. CH2F. CH2CI. CH2OH. CHgOMe. CH2CN, CN, 
C-CH. 1-propynyl, 2-propynyl. vinyl, Ac, F, CI. OH. OMe, OEt. O-n-Pr, OAc, NMe2. NEt2. SMe. 
SEt, SOCF3. OCF2CF2H, COEt. cyclopropyl, CF2CF3. CH=CHCN. allyl. azido. OCF3, OCHF2. 
0-i-Pr. SCN. SCHF2. SOMe. NH-CN, or joined with R^ and the phenyl carbons to which R^ and 
R^ are attached to form an ethylenedioxy, a dihydrofuryl ring with the oxygen adjacent to a phe- 
nyl carbon, or a dihydropyryl ring with the oxygen adjacent to a phenyl carbon; 
is H, Et, or joined with R^ and the phenyl carbons to which R^ and are attached to form an 
ethylenedioxy, a dihydrofuryl ring with the oxygen adjacent to a phenyl carbon, or a dihydropyryl 
ring with the oxygen adjacent to a phenyl carbon; 
R^ r5, and R^ are independently H, Me, Et. F, CI, Br, formyl, CF3, CHFg. CHCI2. CH2F, CHgCl, CH2OH, CN, 
C^CH. 1-propynyl, 2-propynyl, vinyl, OMe, OEt, SMe, or SEt; 



R3 



provided that: 

a) when R^ is Me and R^ is OMe; 

then R^ is H; and the combination R^ R^ and R^ is 3,5-di-Me, 3,5<li-OMe-4-Me, 3.5<ii-Cl. or 3.5-di-F; 

b) when R^ is Me and R^ is OEt; 

then r2 is H and the combination H\ R^ and R^ is 3.5-di-Me, 3.5-di-OMe-4-Me, 3,5<ii-Cl. 3,5-di-F. 2,4- or 2.5- 



17 



EP 0 965 644 A2 



di-R 2.4- or 2,5-di-CI ; 

c) when is Et and is OMe or OEt; 

then R^ is H and the connbination R"^, R^, and R° is: 

i) 3,5-di-OMe-4-Me. 3.5-di-CI, 3,5-di-F. 2.4- or 2.5-di-F. 2,4- or 2.5-di-CI. 3-OMe. 2-Cl-5-Me. 2-Br-5-Me. 2- 
Ct, 2-Br. or 3-Me; or 

ii) R^ is H. R^ IS Me. and R^ is Et. F. CI. Br, formyl. CF3. CHF2. CHCI2. CH2F. CH2CI. CH2OH. CN. C-CH. 
1-propynyl, 2-propynyl, vinyl, OMe. OEt, SMe. or SEt; 

d) when R^ is i-Pr; 

then r2 is OMe. or OEt; R^ is H; and the combination R^, R^. and R^ is 3,5-di-Me; 

e) when R^ is Et; 

then r2 is H, R^ is F or 01. and the combination R'*, R^. and R^ is 3.5-di-Me; 

0 when R^ and R^. together with the phenyl carbons to which they are attached, form an ethylenedioxy ring; 
then R^ is Me or Et and the combination R'*. R^, and R^ is 3,5-di-Me; 

g) when R^ and together with the phenyl carbons to which they are attached, form a dihydrofuryl or dihy- 
dropyryt ring; 

then R^ is Et and the combination R'*, R^, and R^ is 3.5-di-Me; 

h) when is formyl. CF3. CHF2. CHCI2. CH2R CH2GI. CH2OH. CHsOMe. CH2CN. CN, C=CH. 1-propynyl. 2- 
propynyl, vinyl, OH, cyclopropyl, CF2CF3. CH=CHCN, allyl. azido. SCN. or SCHF2; 

then r2 is OMe or OEt. R^ is H, and the combination R^, R^. and R^ is 3.5-di-Me; and 

i) when r2 is Me. Et, n-Pr. i-Pr. formyl, CF3. CHF2. CHCI2. CH2F. CH2CI. CH2OH. CH20Me. CH2CN, CN. 
C-CH 1-propynyl. 2-propynyl, vinyl, Ac. F. Ci, OH. 0-n-Pr. OAc. NMes. NEtg. SMe. SEt, SOCF3, OCF2CF2H, 
COEt. cyclopropyl, CF2CF3. CH=CHCN. allyl, azido. OCF3, OCHF2. O-i-Pr. SCN, SCHF2. SOMe. or NH-CN; 
then R^ is Et, is H, the combination R"^, and R^ is 3,5-di-Me; 



with a DNA construct comprising: 



a) the exogenous gene; and 

b) a response element; 



wherein: 



a) the exogenous gene is under the control of the response element; and 

b) binding of the DNA binding domain to the response element in the presence of the ligand results in activation 
or suppression of the gene. 

A method to modulate the expression of one or more exogenous genes in a subject, comprising administering to 
the subject an effective amount of a ligand of the formula: 




wherein: 



E is a (C4-C6)alkyl containing a tertiary carbon or a cyano(C3-C5)a!kyl containing a tertiary carbon; 

Ri is H. Me. Et. i-Pr. F. formyl. CF3, CHF2. CHCI2. CH2F, CH2CI. CH2OH, CHgOMe. CH2CN, CN. 

C^CH, 1-propynyl, 2-propynyl. vinyl, OH, OMe, OEt. cyclopropyl. CF2CF3. CH=CHCN. allyl, 

azido, SCN, or SCHFg; 

r2 is H. Me. Et. n-Pr, i-Pr, formyl. CF3. CHF2. CHCI2. CH2F. CH2CI, CH2OH. CHsOMe. CHjCN. CN. 
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C-CH. 1-propynyi, 2-propynyl, vinyl. Ac. F. CI. OH. OMe. OEt, 0-n-Pr. OAc. NMe2. NEt2. SMe. 
SEt. SOCF3. OCF2CF2H. C0E1. cyclopropyl, CF2CF3. CH=CHCN, allyl. azido. OCF3. OCHF2, 
O-i-Pr. SCN. SCHF2. SOMe. NH-CN, or joined with and the phenyl carbons to which and 
are attached to form an ethylenedioxy, a dihydrofuryl ring with the oxygen adjacent to a phe- 
nyl carbon, or a dihydropyryl ring with the oxygen adjacent to a phenyl carbon; 

r3 is H. Et, or joined with and the phenyl carbons to which and R^ are attached to form an 

ethylenedioxy. a dihydrofuryl ring with the oxygen adjacent to a phenyl cart>on. or a dihydropyryl 
ring with the oxygen adjacent to a phenyl carbon; 

R-*, R^. and R^ are independently H. Me. Et, F. CI, Br, formyl. CF3. CHF2. CHCI2. CH2F, CH2CI, CH2OH, CN, 
C^CH, 1-propynyl. 2-propyny!, vinyl, OMe, OEt, SMe, or SEt; 

provided that: 

a) when R^ is Me and R^ is OMe; 

then R^ is H; and the combination R^ R^, and R^ is 3,5-di-Me, 3,5-di-OMe-4-Me, 3,5-di-CI, or 3,5-di-F; 

b) when R^ is Me and R^ is OEt; 

then r2 is H and the combination R^. R^ and R^ is 3,5-di-Me. 3,5-dt-OMe-4-Me. 3,5<Ji-CI, 3.5-di-F, 2,4- or 2,5- 
di-F, 2.4- or 2,5-di-CI ; 

c) when R^ is Et and R^ is OMe or OEt; 

then R^ is H and the combination R^ R^, and R^ is: 

i) 3.5-di-OMe-4-Me. 3.5-di-CI. 3.5-di-F, 2,4- or 2.5-di-F, 2,4- or 2.5-di-CI. 3-OMe. 2-CI-5-Me. 2-Br-5-Me. 2- 
Cl. 2-Br, or 3-Me; or 

ii) r6 is H. R'* is Me. and is Et, F, CI. Br. formyl. CF3, CHPg. CHCI2, CHgF. CH2CI, CHgOH, CN, C-CH. 
1-propynyl, 2-propyny!, vinyl. OMe, OEt, SMe, or SEt; 

d) when R^ is i-Pr; 

then r2 is OMe. or OEt; R^ is H; and the combination R"^, R^, and R^ is 3,5<Ji-Me; 

e) when R^ is Et; 

then r2 is H. R^ is F or CI. and the combination R'*. R^, and R^ is 3,5-di-Me; 

f) when r2 and R^. together with the phenyl carbons to which they are attached, form an ethylenedioxy ring; 
then R^ is Me or Et and the combination R'*. R^. and is 3,5-di-Me; 

g) when R^ and R^. together with the phenyl carbons to which they are attached, form a dihydrofuryl or dihy- 
dropyryl ring; 

then R^ is Et and the combination R"^, R^ and R^ is 3,5-di-Me; 

h) when R^ is formyl, CF3, CHF2. CHCI2. CHgF. CH2CI. CHgOH. CHsOMe. CH2CN. CN. C-CH. 1-propynyl. 2- 
propynyl, vinyl, OH, cyclopropyl. CF2CF3. CH=CHCN, allyl. azido, SCN, or SCHF2; 

then r2 is OMe or OEt. R^ is H. and the combination R"^. R^, and R^ is 3,5-di-Me; and 

i) when r2 is Me. Et. n-Pr, i-Pr. formyl. CF3, CHFg. CHCIg. CH2F, CH2CI. CH2OH. CHsOMe. CH2CN. CN, 
C-CH. 1-propynyl, 2-propynyl, vinyl. Ac. F, CI, OH, O-n-Pr. OAc, NMe2. NEt2, SMe, SEt, SOCF3, OCF2CF2H. 
COEt. cyclopropyl. CF2CF3, CH=CHCN. allyl. azido. OCF3. OCHF2. 0-i-Pr, SCN, SCHF2, SOMe. or NH-CN; 
then R^ is El, R^ is H. the combination R^ R^. and R^ is 3,5-di-Me; 

wherein the cells of the subject contain: 

a) an ecdysone receptor complex comprising: 

1 ) a DNA binding domain; 

2) a binding domain for the ligand; and 

3) a transactivation domain; and 

b) a DNA construct comprising: 

1) the exogenous gene; and 

2) a response element; and 

wherein: 
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a) the exogenous gene is under the controt of the response element; and 

b) binding of the DNA binding domain to the response element in the presence of the ligand results in activation 
or suppression of the gene. 

A method for producing a polypeptide comprising the steps of: 

a) selecting a cell which is substantially insensitive to exposure to a ligand of the formula: 




wherein: 



and 



is a (C4-C6)alkyl containing a tertiary carbon or a cyano{C3-C5)alkyl containing a tertiary 

iTH^'Me. Et i-Pr. F. formyl. CF3. CHF2. CHCI2. CH^F. CH2CI. CH2OH. CHsOMe. CH2CN. 
CN. C-CH. 1-propynyl. 2-propynyl, vinyl. OH. OMe, OEt. cyclopropyl, CFaCFg, CH=CHCN. 
allyl, azido, SON. or SCHF2: 

is H Me. Et. n-Pr. i-Pr. formyt. CF3. CHF2. CHCI2. CH2F. CH2CI. CH2OH. CHsOMe. CH2CN. 
CN G-CH 1-propynyl. 2-propyny!, vinyl. Ac. F. CI. OH. OMe. OEt. 0-n-Pr, OAc, NMej. 
NEt2 SMe. SEt. SOCF3, OCF2CF2H. COEt. cyclopropyl. CF2CF3. CH=CHCN. allyl. azido. 
OCF3 OCHF2. O-i-Pr. SCN. SCHF2. SOMe. NH-CN, or joined with R=^ and the phenyl car- 
bons to which r2 and are attached to form an ethylenedioxy, a dihydrofuryl ring with the 
oxygen adjacent to a phenyl carbon, or a dihydropyryl ring with the oxygen adjacent to a 
phenyl carbon: ^ t 

is H, Et. or joined with R^ and the phenyl carbons to which R^ and are attached to form 
an ethylenedioxy, a dihydrofuryl ring with the oxygen adjacent to a phenyl carbon, or a dihy- 
dropyryl ring with the oxygen adjacent to a phenyl carbon: 

are independently H. Me. Et. F. CI. Br. formyl, CF3. CHFg, CHCI2. CH2F. CH2CI, CH2OH. CN. 
C^CH. 1-propynyl, 2-propynyl, vinyl, OMe. OEt. SMe. or SEt; 



provided that: 

a) when R^ is Me and is OMe; . . r,. o = ^ c 
then r3 is H; and the combination R^ R^. and R^ is 3.5-di-Me. 3,5-di-OMe-4-Me. 3.5-d.-Ci. or 3.5-di-F; 

b) when is Me and R^ is OEt; « ^ r- ^ . 
then r3 is H and the combination R^ R^. and R^ is 3.5<ii-Me, 3.5-di-OMe-4-Me. 3.5-di-Cl. 3.5<1.-R 2,4- or 

2.5-di-F. 2,4- or 2,5-di-Cl ; 

c) when is Et and R^ is OMe or OEt; 

then is H and the combination R"*, R^. and R^ is: 

1) 3.5-di-OMe-4-Me. 3.5-di-Cl, S.S-di-F. 2.4- or 2.5<ii-F, 2,4- or 2.5-di-CI. 3-OMe. 2-GI-5-Me. 2-Br-5-Me. 
2-Cl 2-Br, or 3-Me; or 

ii) r6 is H. r4 is Me. and R^ is Et. F. CI. Br. formyl. CF3. CHF2. CHCI2. CH2F. CH2CI. CHgOH. CN. 
C^^CH. 1-propynyl. 2-propynyl, vinyl, OMe. OEt, SMe, or SEt; 

d) when RMs i-Pr; ^ ^ ^ ^. 
then r2 is OMe. or OEt; R^ is H; and the combination R"^. R^, and R'' is 3.5-di-Me; 

e) when R^ is Et; 

then r2 is H. R^ is F or CI. and the combination R"^. R^ and is 3,5-di-Me; 
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f) when and R^, together with the phenyl carbons to which they are attached, form an ethylenedioxy 
ring; 

then R^ is Me or Et and the connbination R"*, R^, and is 3,5-di-Me; 

g) when R- and R^, together with the phenyl cartons to which they are attached, form a dihydrofuryl or 
dihydropyryl ring; 

then R^ is Et and the combination R"^, R^. and R^ is 3,5-di-Me: 

h) when isformyl. CF3. CHFj, CHCI2. CH2F, CH2CI, CH2OH. CHsOMe. CH2CN. CN, C-CH. 1-propy- 
nyl. 2-propynyl, vinyl, OH, cyclopropyl. CF2CF3, CH=:CHCN, allyl. azido, SCN. or SCHFj; 

then r2 is OMe or OEt, R^ is H. and the combination R'*. R^. and R^ is 3,5-di-Me; and 

i) when r2 is Me, Et. n-Pr, i-Pr, formyl, CF3. CHFj, CHCIg. CHgF, CH2CI, CH2OH, CH20Me, CH2CN, CN. 
C-CH, 1-propynyt. 2-propynyi, vinyl. Ac. F, CI. OH. 0-n-Pr. OAc, NMe2. NEt2. SMe. SEt. SOCF3, 
OCF2CF2H, COEt. cyclopropyl. CF2CF3, CH=CHCN, allyl. azido. OCF3, OCHF2. O-i-Pr, SCN, SCHFj. 
SOMe, or NH-CN; 

then R^ is Et. is H, the combination R"*. R^, and R^ is 3.5-di-Me; 

b) introducing into the cell: 

1) a DNA construct comprising: 

a) an exogenous gene encoding the polypeptide; and 

b) a response element; 

wherein the gene is under the control of the response element; and 

2) an ecdysone receptor complex comprising: 

a) a DNA binding domain; 

b) a binding domain for the ligand; and 

c) a transactivation domain; and 

c) exposing the cell to the ligand. 

A method for regulating endogenous or heterologous gene expression in a transgenic organism comprising con- 
tacting a ligand of the formula; 




wherein; 

E is a (C4-C6)alkyl containing a tertiary carbon or a cyano(C3-C5)alkyl containing a tertiary carbon; 

Ri is H, Me. Et. i-Pr. F, formyl. CF3, CHF2. CHCIg, CH2F, CH2CI. CH2OH, CHjOMe. CH2CN, CN. 

C^CH, 1-propynyl, 2-propynyl, vinyl, OH, OMe, OEt, cyclopropyl, CF2CF3, CH=CHCN, allyl, 

azido. SCN. or SCHFg; 

r2 is H. Me. Et. n-Pr. i-Pr, formyl, CF3. CHF2. CHCI2. CH2F. CH2CI. CH2OH. CHsOMe. CH2CN, CN. 

C-CH. 1-propynyl, 2-propynyl, vinyl, Ac, F, CI. OH. OMe, OEt, 0-n-Pr, OAc, NMe2, NEtg. SMe, 
SEt. SOCF3, OCF2CF2H. COEt, cyclopropyl, CF2CF3. CH=CHCN. allyl azido. OCF3. OCHF2. 
O-i-Pr. SCN. SCHF2. SOMe, NH-CN. or joined with R^ and the phenyl carbons to which R^ and 
R^ are attached to form an ethylenedioxy, a dihydrofuryl ring with the oxygen adjacent to a phe- 
nyl carbon, or a dihydropyryl ring with the oxygen adjacent to a phenyl carbon; 

r3 is H. Et, or joined with R^ and the phenyl carbons to which R^ and R^ are attached to form an 
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ethylenedioxy. a dihydrofuryl ring with the oxygen adjacent to a phenyl carbon, or a dihydropyryl 
ring with the oxygen adjacent to a phenyl cartion; 
R^ and are independently H, Me. Et, F. CI. Br, formyl. CF3, CHF2. CHCI2. CH2F. CH2CI. CH2OH. CN. 
C^CH. 1-propynyl. 2-propynyl, vinyl. OMe, OEt, SMe, or SEt; 

provided that: 

a) when rMs Me and is OMe; 

then r3 is H; and the combination R'*. and R^ is 3.5-di-Me. 3.5<li-OMe-4-Me. 3.5-d.-CI. or 3.5-di-F; 

b) when is Me and is OEt; ^. ^ o . 

then r3 is H and the corriDination R^ R^ and R^ is 3.5-cli-Me. 3,5-di-OMe-4-Me. 3.5-di-Ci, 3.5<Ji-F. 2.4- or 2.5- 

di-F, 2.4- or 2,5-di-CI ; 

c) when is Et and is OMe or OEt; 

then R^ is H and the combination R"^. R^, and R^ is: 

i) 3.5-di-OMe-4-Me. 3,5^di-CI. 3,5-di-F, 2,4- or 2.5-di-F, 2.4- or 2.5-di-CI. 3-OMe. 2-CI-5-Me. 2-Br-5-Me. 2- 
Cl, 2-Br. or 3-Me; or ^ ^ 

ii) r6 is H. r4 is Me. and is Et. F. CI. Br. formyl, GF3. CHFg. CHCI2. CH2F. CH2CI. CH2OH. CN. C-CH. 
1-propynyl. 2-propynyl. vinyl, OMe, OEt, SMe, or SEt; 

d) when R^ isi-Pr; 

then r2 is OMe. or OEt; R^ is H; and the combination R"^. R^, and is 3,5-di-Me; 

e) when R^ is Et; 

then r2 is H rMs F or CI. and the combination R"^. R^. and R^ is 3.5-di-Me; 

f) when r2 and R^. together with the phenyl carbons to which they are attached, form an ethylenedioxy ring; 
then R^ is Me or Et and the combination R^ R^, and R^ is 3.5-di-Me; 

g) when r2 and R^ together with the phenyl carbons to which they are attached, form a dihydrofuryl or dihy- 
dropyryl ring; 

then R^ is Et and the combination R^, R^ and R*' is 3.5-di-Me; 

h) when R^ is formyl. CF3. CHF2. CHCI2. CH^F. CH2CI. CH2OH. CHsOMe. CH2CN. CN. C-CH. 1-propynyl. 2- 
propynyl, vinyl, OH, cyclopropyl, CF2CF3, CH=CHCN, ally!, azido. SON, or SCHF2; 

then r2 is OMe or OEt. R^ is H. and the combination R^ R^ and R^ is 3.5<li-Me; and 

i) when r2 is Me, Et. n-Pr. i-Pr, formyl, CF3, CHF2. CHCIg. CH2F. CHgCI. CH2OH. CH20Me. CH2CN, ON. 
C-CH 1-propynyl 2-propynyl. vinyl. Ac. F. CI, OH. 0-n-Pr, OAc. NMog. NEts. SMe. SEt, SOCF3. OCF2CF2H. 
COEt. cyclopropyl. CF2CF3, CH=CHCN. allyl. azido, OCF3. OCHF2. O-i-Pr. SCN. SCHF2. SOMe. or NH-CN; 
then R^ is Et. R^ is H, the combination R^ R^, and R^ is 3,5-di-Me; 

with an ecdysone receptor complex within the cells of the organism wherein 

the cells further contain a DMA binding sequence for the ecdysone receptor complex when in combination with 
the ligand and wherein formation of an ecdysone receptor complex-ligand-DNA binding sequence complex 
induces expression of the gene. 

6 The method of Claim 2, 3, 4. or 5 wherein the ligand is of the specified formula and E is t-butyl; R^ is Me. Et. i-Pr. 
or F- r2 is OH, OMe. OEt. or joined with R^ and the phenyl carbons to which and are attached to form an 
ethylenedioxy or dihydrofuryl ring with the oxygen adjacent to a phenyl carbon; is H. Et or joined with R and the 
phenyl carbons to which R^ and R^ are attached to form an ethylenedioxy or dihydrofuryl ring with the oxygen adja- 
cent to a phenyl carbon; and R^ R^ and R^ are independently Me, F, CI, CH2OH, or OMe. 

7. The method of Claim 2. 3, 4, or 5 wherein the ligand is of the specified formula and E is t-butyl, R^ is Et, R^ is OEt. 
r3 is H. and the combination R"*. R^. and R^ is 3,5-di-Me. 

8. The method of Claim 2, 3. 4. or 5 wherein the ecdysone receptor complex is a chimeric ecdysone receptor complex 
and the DNA construct further comprises a promoter. 

9. The method of Claim 3 wherein the subject is a plant. 

1 0. The method of Claim 3 wherein the subject is a mammal. 
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